The genus Acinetobacter Brisou and Prkvot 1954 has been well delineated by transformation tests (18), and the current generic description (19, 20) allows unambiguous identification of strains t6 the genus level.
However, the present delineation of species within the genus Acinetobacter is totally unsatisfactory. Only two species (Acinetobacter calcoaceticus and Acinetobacter lwofii) are on the Approved Lists of Bacterial Names (26), and only one species (Acinetobacter calcoaceticus) is described in Bergey's Manual of Systematic Bacteriology (19) , although it has been shown that the genus Acinetobacter is biochemically and genetically heterogenous (1, 17) .
The numerical taxonomy study of Baumann et al. (l) , which was based primarily on nutritional properties, yielded two large groups (groups A and B) comprising seven phena (phena A1 to A3 and B1 to B4). Unfortunately, these authors did not identify any characters which could be used to unambiguously identify the observed phena. A study of aquatic isolates by Page1 and Seyfried (22) yielded similar results .
The deoxyribonucleic acid (DNA)-DNA hybridization studies of Johnson et al. (17) , who used a nitrocellulose filter * Corresponding author. method and 50% homology as their delineation criterion, split a collection of 45 Acinetobacter strains into five groups and four ungrouped strains. Unfortunately, only 18 strains were common to both the biochemical study (1) and the hybridization study (17) . Furthermore, genomic groups could not be unambiguously defined by biochemical tests (1) . The Acinetobacter strains in the y subdivision of Woese et al. (29) constitute a phylogenetic branch which is deeper than that of the gram-negative fermentative bacilli (Enterobacteriaceae , Vibrionaceae, Pasteurellaceae) . It would not be surprising if this phylogenetic branch had evolved into a number of distinct species.
The purposes of our study were as follows: (i) to define genomic groups (called genospecies) by using criteria (such as the thermal stabilities of hybrids) that proved to be effective when they were used previously for numerous other bacterial groups, (ii) to search for biochemical properties that allow practical identification of genospecies ; and (iii) to give species names to new, biochemically identifiable genospecies.
Based on our results, we emend the descriptions of Acinetobacter calcoaceticus and Acinetobacter lwofii, revive in a new combination Acinetobacter haernolyticus sp. nov. (ex "Achromobacter haemolyticus" Stenzel and Mannheim 1963) , and propose three new species, Acinetobacter -30°C) according to Brenner et al. (4, 5) .
Biochemical tests. All tests were done at 30°C unless indicated otherwise. Tubes containing 10 ml of tryptocasein soy broth (product no. 64147; Diagnostics Pasteur) inoculated with 0.05 ml of an overnight tryptocasein soy broth culture and incubated at 37, 41, and 44°C in a water bath were examined for growth after 2 days. Petri dishes containing tryptocasein soy agar supplemented with 4% (wt/vol) gelatin were spot inoculated and incubated for 2 days. The plates were then flooded with Frazier reagent (15% [wt/vol] HgC12 in 20% [vol/vol] HCl) and examined for clear zones (gelatin hydrolysis). Production of acid from D-glucose was detected by two methods. In method A, plates of purple agar base medium (Difco Laboratories, Detroit , Mich.) supplemented with 1% (wt/vol) D-glucose were spot inoculated and examined for acidification daily for 6 days. Method B was derived from the liquid medium method of Baumann et al. (1) . M70 defined medium (28) without agar was modified by substituting 0.005 M phosphate buffer (pH 6.8) for the 0.005 M KH2P04-0.015 M K2HP04 buffer (pH 7.2) in the original medium (28) and supplementing the medium with 0.1% (vol/vol) ethanol, 1% (wthol) D-glucose, and 2 ml of a 1.6% alcoholic solution of bromcresol purple per liter. The filtersterilized medium was dispensed into tubes (internal diameter, 11 mm) in 3-ml volumes. The tubes were inoculated with 0.1 ml of a bacterial suspension in distilled water (100 Klett units, as determined with a Klett-Summerson colorirneter equipped with a green filter [Arthur H. Thomas Co., Philadelphia, Pa.]). A control tube without D-glucose was inoculated with each strain. The tubes were examined for acidification daily for 6 days. The Voges-Proskauer test was done by using the modification described by Richard (24) . Urea hydrolysis and indole production from tryptophan were determined in urea-indole medium (product no. 63712; Diagnostics Pasteur). y-Glutamyltransferase activity was detected by using the method of Giammanco et al. (12) . A similar method was used for detection of P-xylosidase (7). Hemolysis was recorded after 2 days of growth on tryptocasein soy agar containing 5% (vol/vol) horse or sheep blood. All other biochemical tests were done by using procedures described elsewhere (14) .
Carbon source utilization tests. Carbon source utilization tests were done by two methods. In method A we used commercial API-CH, API-AO, and API-AA galleries (API System, La Balme-les-Grottes, France). The defined medium used with these galleries was provided by API System. These galleries have been described and evaluated previously (11) . In method €3 we used filter-sterilized M70 minimal medium (28) without agar. Filter-sterilized carbon source solutions were added at final concentrations of 0.2% (wthol) (carbohydrates) and 0.1% (wt/vol) (other substrates). The resulting liquid defined medium was dispensed into tubes (diameter, 11 mm; 3 ml per tube). Use of method B was limited to the following 19 substrates: trans-aconitate, (3- alanine, ~~-4 -a m i n o b u t y r a t e , L-arginine, L-aspartate, azelate, 2,3-butanedio17 ethanol, glutarate, histamine, Lhistidine, DL-lactate, L-leucine, D-malate, malonate, Lornithine, phenylacetate, L-phenylalanine, and L-tyrosine. The tubes were inoculated with 0.1-ml portions of 100-Klett unit bacterial suspensions in distilled water. Growth was recorded daily for up to 6 days.
Growth factor requirements. The growth factor requirements of auxotrophic strains were determined by using the M70 minimal medium which was used for the carbon source utilization tests. The carbon sources used were 0.1% (wdvol) acetate and 0.1% (wt/vol) ethanol. The tubes were supplemented with various combinations recommended by Clowes and Hayes (8) . A tube without growth factors was used as a contro1.
Nitrogen source utilization tests. Nitrogen source utilization was determined in liquid minimal medium M70 containing 0.1% (wthol) acetate but lacking (NH&S04. The following amounts of nitrogen sources were added (per liter of medium): 100 mg of NaN02, 166 mg of KN03, and 1 g of urea. Tubes without a nitrogen source and tubes containing 0.1% (wdvol) (NH4)2S04 were used as controls.
Correlation between our DNA data and the data of Johnson et al. Since 44 strains which Johnson et al. studied by using a nitrocellulose filter method (17) were included in this study (in which we used the S1 nuclease method), 155 paired reassociation results (i.e., the same pairs of strains having DNA reassociation data determined by both hybridization methods) were submitted to a multiple-correlation study by using the POLY program (15) . The printout gave the coefficient of multiple correlation (R), the coefficient R2, which provided an estimate of the proportion of the total variance in Y (criterion) that was accounted for by the linear, quadratic, or cubic function of X (predictor), the F ratio for testing the significance of polynomial term, and a regression formula.
RESULTS AND DISCUSSION
DNA relatedness. The S1 nuclease-resistant core (in the incubated control tube containing only denatured labeled DNA) was calculated to be 5.6 k 2.0% (mean 2 standard deviation of 60 experiments). The level of reassociation in homologous reactions was 73.8 +-8.9% (mean ? standard deviation of 60 experiments). Using the criteria that proved to be successful in the delineation of genospecies in the Enterobacteriaceae (4, 13) , Actinobacillus (lo), and Listeria (25), we identified 12 genospecies containing a total of 74 strains. Eleven strains were not assigned to any genospecies. Within species, the levels of DNA relatedness to the reference strains ranged from 62 to 95%, with AT, values of less than 3.5"C. Among species, the levels of DNA relatedness to heterologous reference strains ranged from 4 to 59%, with ATm values of more than 6.5"C (except for genospecies 8 and 9, which had nonreciprocal ATm values which were as low as 43°C). The DNA relatedness results obtained with labeled DNAs from strains lT (T = type strain) (genospecies l), 4T (genospecies 2), and 25 (genospecies 3) and 85 unlabeled DNAs are shown in Table 3 . The type strain (strain 1) of Acinetobacter calcoaceticus fell into genospecies 1 ; thus, this genospecies is Acinetobacter calcoaceticus sensu stricto. Genospecies 1, 2, and 3 were 32 to 59% related to each other, with AT, values (among species) of more than 6.5"C. Three strains (strains 29 to 31) were closest to genospecies 2, with ATm values as low as 6°C. Genospecies 4 to 12, as well as eight ungrouped strains, were more distantly related (levels of relatedness, less than 24%) to genospecies 1 to 3. The DNA relatedness results obtained with labeled DNAs from reference strains 32T (genospecies 4), 42T (genospecies 5), and 46 (genospecies 6) and 85 unlabeled DNAs are shown in Table 4 . Strain 32T, which was proposed as a reference strain for "Achromobacter haemolyticus subsp. haemolyticus" (27), was assigned to genospecies 4. Genospecies 4 to 6 were 17 to 36% related to each other and 5 to 32% related to all other genospecies or strains. It should be mentioned that among the ungrouped strains, the hemolytic (generally proteolytic) strains (strains 78 to 83) were more closely related (levels of relatedness, 20 to 32%) to genospecies 4 to 6 than the nonhemolytic strains (strains 29 to 31, 84, and 85; levels of relatedness, 7 to 19%) 
soil (3), unknown (1)6 environment (3), plucked chicken (9), well water (l), environment (l), unknown (3) The strains isolated from soil were isolated after enrichment (1) by using minimal medium supplemented with 0.2% (wtlvol) 2,3-butanediol. The numbers in parentheses are numbers of strains. 
7.7 2 1.0 7.0-8.4
ND ND All strains were tested. The results for homologus (100%) reactions were not included in the calculations. The numbers in parentheses are numbers of strains tested. ND, Not determined.
were. The DNA relatedness results obtained with labeled DNAs from reference strains 48T (genospecies 7), 60T (genospecies 8), and 62 (genospecies 9) and 85 unlabeled DNAs are shown in Table 5 . Genospecies 7 was less than 22% related to any other genospecies or strain. Genospecies 8 and 9 were 43 to 55% related, but the separation of these taxa is uncertain since similar AT,,, values were not obtained in reciprocal experiments and values in the range from 4.5 to 6°C are difficult to interpret (in addition, it is shown below that no single phenotypic test can be used to differentiate Table 6 . Genospecies 10 and 11 were 21 to 30% related to each other and less than 21% related to any other strain. Genospecies 12 was less than 15% related to any other strain studied. When the DNA from ungrouped strain 78 was labeled, this strain was found to be 36 to 60% related to strains 79 to 82 and 9 to 22% related to strains 83 to 85. When the DNA from ungrouped strain 82 was labeled, this strain was found to be 43 to 52% related to strains 78 to 81. Thus, some or all of the ungrouped strains might represent several unknown species. Correlation with another DNA relatedness study. Since 44 strains that were studied by Johnson et al. (17) , who used a nitrocellulose filter competition method, were also studied by us, who used the S1 nuclease method, there was an opportunity to correlate the results of the two studies. A total of 155 pairs of hybridization data were plotted on a graph of Y (S1 results) versus X (nitrocellulose filter results) (Fig. 1) . Second-degree polynomial fitting (R2 = 0.917; R = 0.957; for analysis of variance on R, F = 946.9 with 2 and 171 degrees of freedom) corresponded to the following formula: Y = 0.008 X2 + 0.1166X + 3.0. The F ratio for the quadratic term alone (i.e., the improvement over a linear fitting) was 98.7, with 1 and 171 degrees of freedom. The gain by fitting the quadratic term was significant (P < 0.001). Nothing was gained by fitting a cubic term (P > 0.25). The rather wide dispersion of points around the theoretical curve ( Fig. 1) was probably the result of several added within-laboratory and between-laboratory factors of variation. Different DNA preparations were used, and our study was done more than 15 years after that of Johnson et al. (17) . Comparing our Table 11 plus strains 10, 76, 77, 167, and 170 belonging to genospecies 2, 12, 12, 5 , and 8/9, respectively). The cells were gram negative but sometimes difficult to destain and did not form spores. Cells from overnight agar cultures were predominantly diplococcal forms about 1 .O by 0.7 pm in diameter. The cells from broth cultures were predominantly short rods (1.0 to 2.5 by 0.9 to 1.6 pm) and occurred in pairs. Occasionally short chains (three to six cells) or long rods (5 to 6 pm) occurred. Colonies on tryptocasein soy agar were circular, convex, smooth, translucent to slightly opaque, butyrous to mucoid, and nonpigmented with entire margins; colonies were 0.5 to 2.0 mm in diameter after 24 h and 2 to 4 mm in diameter after 48 h at 30°C. All strains grew within 1 day in tryptocasein soy broth at 15 and 30°C but did not grow in 6 days at 6°C (49 strains were tested). All strains were strictly aerobic, catalase positive, and oxidase negative. In a complex medium, such as nutrient broth, nitrates were reduced by only four strains (strain 200 of genospecies 2, strain 35 of genospecies 4, and strains 156 and 188 of genospecies 7). The strains that were hemolytic (i.e., genospecies 4 and 6 and ungrouped strains 78 to 83) produced clear zones of hemolysis on horse or sheep blood after 24 h at 37°C (similar hemolysis occurred after 48 h at 30°C) that were surrounded by narrow dark red zones. All but eight strains grew in minimal medium supplemented with ethanol and acetate but lacking any growth factor. Eight strains (strains 182 and 200 of genospecies 2, strain 46 of genospecies 6, strain 188 of genospecies 7, strains 123 to 125 of genospecies 9, and ungrouped strain 29) required methionine for growth. No strain produced indole, Table 7 . The 12 genospecies formed two groups with respect to nutritional versatility; genospecies 1 to 3, 10, and 11 utilized 42 to 62 substrates, whereas genospecies 4 to 9 and 12 utilized 19 to 32 substrates. The carbon sources and other tests that were useful for differentiating the genospecies when 49 strains were tested were extended to the whole collection of 266 strains. These 28 characteristics which are useful for species identification are shown in Table 8 . Genospecies 1 to 3 were phenotypically close to each other. Genospecies 1 to 3 can easily be separated from all other genospecies by the following characteristics: production of y-glutamyltransferase and utilization of DL-lactate, glutarate, trans-aconitate, and L-arginine. Most strains in these three genospecies produced acid from D-glucose (as determined by methods A and B), and none hydrolyzed gelatin or hemolyzed horse or sheep blood. Table 9 shows the characteristics (of the 28 characteristics shown in Table 8 ) that varied among strains of genospecies 1 to 3. Genospecies 1 (Acinetobacter calcoaceticus sensu stricto) and 2 (Acinetobacter baumannii) can easily be differentiated by the following characteristics: growth at 41 and 44"C, p-xylosidase test, and utilization of D-malate. Genospecies 2 and 3 can be differentiated from each other only by growth at 44°C. It is interesting that all eight strains of genospecies 1 were isolated from soil, the habitat where Acinetobacter calcoaceticus was discovered by Beijerinck (2) . After this work was completed, we identified strain BD413 trpE27 (a strain used in a transformation assay [18] ), which was derived from a soil isolate, as Acinetobacter calcoaceticus sensu stricto (genospecies 1). Strains producing acid from D-glucose were found in all genospecies except genospecies 5 (Acinetobacter junii), 7 (Acinetobacter johnsonii), and 11. In all genospecies except genospecies 1 (Acinetobacter calcoaceticus) and genospecies 10, the strains that produced acid from D-glucose also produced p-xylosidase. The association between acid production from D-glucose and p-xylosidase production has been reported by other workers (16) . The hemolytic strains (which are also gelatin hydrolyzers) that were classified into genospecies fell into genospecies 4 (Acinetobacter haemolyticus) and 6 . These strains could not utilize DL-lactate or malonate. Genospecies 4 and 6 were differentiated by the utilization of DL-6aminobutyrate as a sole source of carbon and energy. Unclassified hemolytic gelatin hydrolyzers utilized DL-laCtate. An unclassified hemolytic strain (strain 83) which failed to hydrolyze gelatin utilized malonate but not DL-laCtate (Table 10) . Genospecies 5 (Acinetobacter junii) was differentiated from other glucosenegative nonproteolytic genospecies by the utilization of DL-lactate and L-histidine and lack of utilization of glutarate and azelate. Genospecies 7 (Acinetobacter johnsonii) was unique in failing to grow at 37°C in tryptocasein soy broth. Genospecies 8 (Acinetobacter lwofii) and 9 could not be differentiated from each other by phenotypic tests. Genospecies 819 utilized azelate but not citrate (Simmons), glutarate, L-histidine, L-aspartate, L-leucine, p-alanine, or 2,3- butanediol. The histamine-utilizing strains included in this study fell into genospecies 10 and 11. Strains in genospecies 10 and 11 also utilized glutarate and p-alanine and failed to utilize L-leucine and L-phenylalanine. Genospecies 10 could be differentiated from genospecies 11 by production of acid from D-glucose. Strains in genospecies 12 utilized Lphenylalanine and malonate but not citrate (Simmons) or L-histidine.
Comparison with other phenotypic studies. A total of 17 strains which were included in this work were studied by Baumann et al. (1) . The large group A of Baumann et al. (1) corresponded to our nutritionally highly versatile group of genospecies (genospecies 1 to 3,10, and 11). Genospecies 1 and 2 corresponded to phenon Al; genospecies 1 strains were easily recognized by their negative or doubtful growth on D-malate (1). Phenon A3 corresponded to the glucosenegative strains of genospecies 2. Phenon A2 contained glucose-negative, histamine-utilizing strains and thus corresponded to genospecies 11. The large group B of Baumann et al. (1) corresponded to our nutritionally poorly versatile group of species (genospecies 4 to 9 and 12). Phenon B1 contained glucose-negative strains that utilized L-aspartate and citrate but not azelate. The L-histidine-utilizing strains corresponded to genospecies 5 , and strains that could not utilize L-histidine corresponded to genospecies 7. Phenon B2 was phenotypically heterogenous with respect to utilization of L-aspartate, azelate, phenylacetate, and citrate. Strains that utilized phenylacetate, azelate, and DL-lactate but not citrate, malonate, or L-leucine could be assigned to genospecies 8/9, whereas strains that utilized DL-lactate, L-aspartate, and citrate but not azelate could be assigned to genospecies 7. Phenon B3 contained proteolytic strains that utilized ~~-1 a c t a t e .
Such strains remained unclassified in our study.
Phenon B4 contained proteolytic strains that were unable to grow on DL-lactate. Thus, this phenon corresponded to genospecies 4 (Acinetobacter haemolyticus) and genospecies 6. Growth on ~~-4-arninobutyrate (the test that differentiated between genospecies 4 and 6) was not studied by Baumann et al. (1) . Among the five strains whose histories were questioned (strains 3, 20, 40, 57, and 73; see above), all except strain 40 were studied by Baumann et al. (1) . For three of these strains, similar characteristics were found by Baumann et al. (1) and in this study. Strain 73 (= B94) utilized histamine but not L-phenylalanine or L-leucine; strain 3 (= B61) was a glucose-oxidizing strain that was unable to grow on D-malate; and strain 20 (= B98) was a glucose-negative strain that utilized L-phenylalanine, palanine, glutarate, and trans-aconitate in both studies. In contrast, strain B19 of Baumann et al.
(1) and our strain 57, which were supposedly derived from the same strain of M. Pikchaud (strain H315), differed in at least five nutritional tests (L-phenylalanine, azelate, suberate, citrate, and Laspartate), which suggests that the strain history is effectively erroneous.
In 1963, Stenzel and Mannheim (27) described five species in a genus that was named at that time "Achromobacter." From the data of these authors (27), we identified "Achromobacter mucosus" as our species 2 (Acinetobacter baumannii) since this species contained glucose-oxidizing nonproteolytic, citrate-utilizing strains that were able to grow at 44°C. The reference strain of b'Achromoba~ter mucosus" (strain NCTC 10303 [= strain 191) fell into genospecies 2. "Achromobacter haemolyticus" contained glucose-oxidizing and glucose-negative, proteolytic strains that were able to grow on ethanol; thus, this taxon corresponded to genospecies 4 or 6. Reference strains ' ' A c h rom o b a ct er ha em o 1 y t icu s sub s p . ha em oly ticu s " NCTC 10305 (= strain 32) and "Achromobacter haemolyticus subsp. alcaligenes" NCTC 10306 (= strain 38) both fell into genospecies 4 (Acinetobacter haemolyticus). The descriptions of "Achromobacter metalcaligenes' ' and "Achromobacter citroalcaligenes" (27) do not allow precise identification as any of the glucose-negative nonproteolytic species with low nutritional versatility. The reference strains of these two "Achromobacter" species (strains NCTC 10308 [= strain 481 and NCTC 10307 [= strain 421, respectively) fell into genospecies 7 and 5 , respectively. "Achromobacter conjunctivae" contained proteolytic strains that were unable to grow on ethanol and corresponded to one or several unclassified strains (reference strain NCTC 10304 [ = strain 821 was not classified in our study).
In 1982, Morton and Barrett (21) described a group of Acinetobacter strains that caused ropiness in milk. These strains utilized DL-lactate and citrate but not glutarate, azelate, L-phenylalanine, or L-histidine. These properties fit the characteristics of genospecies 7 (Acinetobacter johnsonii), and the reference strain of "Alcaligenes viscosus" (strain ATCC 9036 [= strain 581) studied by Morton and Barrett (21) fell into genospecies 7 ( Table 5) .
The concept of a genus Acinetobacter which is composed of only two species that are separated solely on the basis of production of acid from D-glucose is untenable. Our results confirmed the conclusions of Baumann et al. (1) and Johnson et al. (17) concerning the heterogeneity of the genus Acinetobacter. Use of a more stringent method of hybridization and a systematic search for identification characteristics allowed us to recognize at least 12 genospecies, 2 of which had valid names (Acinetobacter calcoaceticus and Acinetobacter lwofii) and needed only emended descriptions. The other genospecies that contained more than 10 strains and which could be identified by using biochemical tests are named below. More Acinetobacter species might be described in the future, when isolates similar to ungrouped strains are available for study. We believe that identification of Acinetobacter strains at the species level is a necessary step in an attempt to trace Acinetobacter spp. in hospitals and to possibly differentiate clinical strains from environmental strains. Characteristics as given previously for the genus (19, 20) . Colonies on tryptocasein soy agar are circular, convex, smooth, and slightly opaque with entire margins; colonies are 0.5 to 1.5 mm in diameter after 24 h and 2.5 to 3.5 mm in diameter after 48 h at 30°C. Good growth occurs at 15 to 37°C in 1 day. No growth occurs at 41°C and above.
Nitrates are not reduced to nitrites in complex medium. Grows on citrate (Simmons). Acid is produced from D- glucose. y-Glutamyltransferase is produced, but gxylosidase is not produced. Horse or sheep blood is not hemolyzed; gelatin is not hydrolyzed.
The following compounds are utilized as sole sources of carbon and energy: L-phenylalanine, L-histidine, phenylacetate, malonate, azelate, p-alanine, trans-aconitate, Larginine, L-ornithine, m-lactate, 2,3-butanediol, D L -~-aminobutyrate, glutarate, L-aspartate, and L-tyrosine. DMalate and histamine are not utilized. L-Leucine is utilized by some strains.
The guanine-plus-cytosine (G+C) content of the DNA is 40 to 42 mol% (as determined by thermal denaturation [17] ).
Isolated from soil. The type strain is strain ATCC 23055 (= CIP 81.08).
Description of the type strain. Strain ATCC 23055T has all of the characteristics given above for the species. In addition, this strain does not utilize L-leucine in API-AA strips as a sole source of carbon and energy.
Emended description of Acinetobacter Zwofli (Audureau 1940) Brisou and PrCvot 1954. Also called genospecies 8 in this study.
Characteristics as given previously for the genus (19, 20) . Colonies on tryptocasein soy agar are circular, convex, smooth, and slightly opaque with entire margins; colonies are 1.0 to 1.5 mm in diameter after 24 h and 3.0 to 4.0 mm in diameter after 48 h at 30°C. Good growth occurs at 15 to 37°C in 1 day. No growth occurs at 41°C and above.
Nitrates are not reduced to nitrites in complex medium. No growth occurs on citrate (Simmons). Acid is not produced from D-glucose (since the number of strains assigned to this species by DNA hybridization was very small, we cannot be certain that no glucose-positive strain can be assigned to this species). P-Xylosidase is not produced (see remark above concerning D-glucose) . y-Glutamyltransferase is not produced. Horse or sheep blood is not hemolyzed; gelatin is not hydrolyzed.
Azelate and DL-lactate are utilized as sole sources of carbon and energy. The following compounds are not utilized: glutarate, L-phenylalanine, malonate, L-histidine, Laspartate, L-leucine, histamine, p-alanine, 2,3-butanediol, trans-aconitate, and L-arginine. Some strains can utilize phenylacetate, D-malate, L-tyrosine, ethanol, L-ornithine, and DL-4-aminobutyrate.
The G+C content of the DNA is 46 mol% (as determined by thermal denaturation [17, 231) .
Habitat unknown. The type strain is strain ATCC 15309 (= CIP 64.10).
Unnamed genospecies 9 (which may contain occasional strains that oxidize D-glucose) cannot be differentiated with certainty from Acinetobacter lwofii on the basis of biochemical characteristics.
Description of the type strain. Strain CIP 64.10T (= ATCC 15309T) has all of the characteristics given above for the species. In addition, this strain utilizes phenylacetate, Dmalate, and ethanol and fails to utilize L-tyrosine, Lornithine, and DL-4-aminobutyrate. Source unknown.
Description of Acinetobacter baumannii sp. nov. Acinetobacter baumannii (bau.ma'ni.i. M. L. gen. baumannii in honor of Paul and Linda Baumann, American bacteriologists). Also called genospecies 2 in this study.
Characteristics as given previously for the genus (19, 20) . Colonies on tryptocasein soy agar are circular, convex, smooth, and slightly opaque with entire margins and sometimes have a butyrous aspect. Colonies are 1.5 to 2.0 mm in diameter after 24 h and 3.0 to 4.0 mm in diameter after 48 h at 30°C. Good growth occurs at 15 to 44°C. Occasional strains may require methionine for growth on minimal medium.
Nitrates are not reduced to nitrites in complex medium (exceptions occur). Acid is produced from D-glucose by most strains. Strains which produce acid from D-glucose also produce p-xylosidase. y-Glutamyltransferase is produced by most strains. Horse or sheep blood is not hemolyzed; gelatin is not hydrolyzed. Citrate (Simmons) is utilized by prototrophic strains. Auxotrophic strains utilize citrate when the medium is supplemented with a growth factor. The following compounds are utilized: DL-lactate, glutarate, Laspartate, L-tyrosine, ethanol, 2,3-butanediol, and D L -~-aminobutyrate. The following compounds are utilized by most strains: L-phenylalanine and phenylacetate (growth on L-phenylalanine is associated with growth on phenylacetate in this species), L-histidine, azelate, D-malate, L-leucine, p-alanine, trans-aconitate, L-arginine, and L-ornithine. Histamine is not utilized.
The G+C content of the DNA is 40 to 43 mol% (as determined by thermal denaturation [17] ).
Isolated from human clinical specimens or the natural environment. Most Acinetobacter strains isolated from human patients belong to this species.
The type strain is strain CIP 70.34 (= ATCC 19606). Description of the type strain. Strain CIP 70.34T has all of the characteristics given above for the species. In addition, this strain utilizes L-phenylalanine, phenylacetate, malonate, L-histidine, azelate, D-malate, L-leucine, L-arginine, and trans-aconitate as sole sources of carbon and energy. pAlanine and L-ornithine are not utilized. Acid is produced from D-glucose, y-Glutamyltransferase and p-xylosidase are produced. Isolated from human urine.
Description of Acinetobacter haemolyticus sp. nov. Acinetobacter haemolyticus (hae.mo.ly'ti.cus. Gr.n. haema blood; Gr.adj. lyticus dissolving; M. L. adj. haemolyticus blood dissolving). The specific epithet is revived in a new combination. Basonym: ' 'Achromobacter haemoly ticus" Stenzel and Mannheim 1963. Also called genospecies 4 in this study.
Characteristics as given previously for the genus (19, 20) . Colonies on tryptocasein soy agar are circular, convex, smooth, and slightly opaque with entire margins and sometimes have a sticky consistency. Colonies are 1.5 to 2.0 mm in diameter after 24 h and 3.5 to 4.0 mm in diameter after 48 h at 30°C. No growth factor is required. Good growth occurs at 15 to 37°C. No growth occurs at 41°C.
Nitrates are not reduced to nitrites in complex medium (exceptions occur). On horse or sheep blood agar, colonies are surrounded by a clear zone which is limited by a dark red ring after 24 h at 37°C or after 48 h at 30°C. Gelatin is hydrolyzed (exceptions occur). Some strains produce acid from glucose and produce p-xylosidase. Some strains produce y-glutamyltransferase. Most strains grow on Simmons citrate.
DL-4-Aminobutyrate is utilized by all strains. The following compounds are utilized by most strains: L-histidine, D-malate, L-leucine, ethanol, and L-arginine. The following compounds are not utilized: DL-lactate, glutarate, Lphenylalanine, phenylacetate, malonate, azelate, histamine, p-alanine, 2,3-butanediol, and L-ornithine.
Isolated from clinical specimens and the environment. The type strain is strain CIP 64.3 (= ATCC 17906). Description of the type strain. Strain CIP 64.3T has all of the characteristics given above for the species. In addition, this strain utilizes citrate, L-histidine, D-malate, L-leucine, ethanol, trans-aconitate, and L-arginine but not L-aspartate or L-tyrosine. Acid is produced from glucose, and pxylosidase is produced. y-Glutamyltransferase is not produced. Source of isolation unknown.
Description of Acinetobacter junii sp. nov. Acinetobacter junii (ju'nii. M. L. gen. junii, in honor of Elliot Juni, American bacteriologist). Also called genospecies 5 in this study.
Characteristics as given previously for the genus (19, 20) . Colonies on tryptocasein soy agar are circular, convex, and smooth with entire margins; colonies are 1.0 to 1.5 mm in diameter and translucent after 24 h and 2.0 to 2.5 mm in diameter and slightly opaque after 48 h at 30°C. No growth factor is required. Good growth occurs at 15 to 37°C; occasionally growth occurs at 41°C; no growth occurs at 44°C.
Nitrates are not reduced to nitrites in complex medium. Acid is not produced from D-glucose. p-Xylosidase and y-glutamyltransferase are not produced. Horse or sheep blood is not hemolyzed; gelatin is not hydrolyzed.
Citrate (Simmons) is occasionally utilized. DL-Lactate, L-histidine, D-malate, and ethanol are utilized as sole sources of carbon and energy. The following compounds are diversely utilized: L-aspartate, L-leucine, L-tyrosine, Larginine, and DL-4-aminobutyrate. The following compounds are not utilized: glutarate, L-phenylalanine, phenylacetate, malonate, azelate, histamine, p-alanine, 2,3-butanediol, trans-aconitate, and L-ornithine.
The G+C content of the DNA is 42 mol% (as determined by thermal denaturation [17] ).
Isolated from human clinical specimens. The type strain is strain 64.5 (= ATCC 17908). Description of the type strain. Strain CIP 64.5T has all of the characteristics given above for the species. In addition, this strain utilizes L-aspartate, L-leucine, L-tyrosine, Larginine, and DL-4-aminobutyrate. This strain grows at 41°C. Isolated from urine.
Description of Acinetobacter johnsonii sp. nov. Acinetobacter johnsonii (john's0.ni.i. M. L. gen. johnsonii in honor of John L. Johnson, American bacteriologist). Also called genospecies 7 in this study.
Characteristics as given previously for the genus (19, 20) . Colonies on tryptocasein soy agar are circular, convex, smooth, and slightly opaque with entire margins; colonies are 1.0 to 1.5 mm in diameter after 24 h and 2.0 to 3.0 mm in diameter after 48 h at 30°C. Good growth occurs at 15 to 30°C; no growth occurs at 37°C.
Nitrates are not reduced to nitrites in complex medium (exceptions occur). Acid is not produced from D-glucose;
